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(57) Abstract 



Mum-layered tissue paper webs comprising chemical softener compositioos and binder material* are disclosed. The multi-layered 
tissue webs are osefal in the rrtsnufacmre of soft, sbtorbeot pspeT product? inch as racial tisanes andAn- toilet tissues. The mufti- layered tissue 
paper products contain a ch e m i c al softening co mposition comprising a mixture of a quaiemary *twmnwtmw compound and a polyhydroxy 
compound. Preferred quaternary ammonium compounds include dialkyl dimethyl ammonium salts such as di(bydrogenared)taUow dimethyl 
monhrm chloride, di(hydrogenated)taliow dimethyl ammonium methyl sulfate. lYcierred polyhydroxy t<*nr*mdi are selected from 
the group consisting of glycerol, sorbitols, polygxyccrob having a weight average molecular weight of from about 150 to about 800, 
polyoxyethylene glycols and polyoxypropylene glycols having a weight average molecular weight rrom about 200 to 4000. The multi- 
layered tissue paper webs also contain an effective amount of binder materials to control tinting and/or to offset the loss in tensile strength, if 
any. resulting from the use of the chemical softening compositions. The binder material* am selected from the various wet and dry strength 
additives, and retention aids used in the paper making stl Preferably, die majority of the chemical softening compositions will be disposed 
on the outer layers of the multi-layered tissue paper products where they are most effective. The binder materials are typically dispersed 
throughout the multi-layered product to control tinting. In other words, the chemical softening compositions and the binder materials can 
be selectively distributed within the murti-lsyered tissue paper web to enhance the softness, ahsorbency, and/or lint resistance of a particular 
layer or ply. 
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MULTI-LAYERED TISSUE PAPER WEB COMPRISING CHEMICAL 
SOFTENING COMPOSITIONS AND BINDER MATERIALS AND 
PROCESS FOR MAKING THE SAME 



FIELD OF THE INVENTION 

This invention relates to multi-layered tissue paper web. More particularly. 
It relates to multMayered tissue paper web comprising chemical softener 
. compositions and binder materials. The treated tissue webs can be used to make 
soft, absorbent and Ont resistance paper products such as facial tissue, and toilet 
tissue products. 

BACKGROUND OF THE INVENTION 

Paper webs or sheets, sometimes called tissue or paper tissue webs or 
sheets, find extensive use in modern society. Such Items as facial and toilet 
tissues are staple items of commerce. It has long been recognized that four 
important physical attributes of these products are their strength, their softness, 
their absorbency , particularly their absorbency for aqueous systems; and their Ent 
resistance, particularly their fint resistance when wet Research and development 
> efforts have been directed to the improvement of each of these attributes without 
seriously affecting the others as well as to the improvement of two or three 
attributes simultaneously. 

Strength is the ability of the product, and its constituent webs, to maintain 
physical integrity and to resist tearing, bursting, and shredding under use 
conditions, particularly when wet 

Softness is the tactile sensation perceived by the consumer as he/she holds 
a particular product, rubs It across his/her skin, or crumples it within his/her hand. 
This tactile sensation Is provided by a combination of several physical properties. 
One of the most Important physical properties related to softness 1$ generally 
considered by those skilled in the art to be the stiffness of the paper web from 
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which the product is made. Stiffness, in turn, is usually considered to be direct V 
dependent on the dry tensile strength of the web and the stiffness of the fibers 
which make up the web. 

Absorbency is the measure of the ability of a product, and its constituent 
webs, to absorb quantities of liquid, particularly aqueous solutions or dispersions. 
Overall absorbency as perceived by the consumer is generally considered to be a 
combination of the total quantity of liquid a given mass of multi-layered tissue 
paper will absorb at saturation as well as the rate at which the mass absorbs the 
liquid. 

Unt resistance is the ability of the fibrous product, and its constituent webs, 
to bind together under use conditions, particularly when wet In other words, the 
higher the lint resistance Is, the lower the propensity of the web to Ont will be. 

The use of wet strength resins to enhance the strength of a paper web is 
widely Known. For example, Westfelt described a number of such materials and 
discussed their chemistry in Cellulose Chemistry and Technology, Volume 13, at 
pages 813-825 (1979). Freimark et aL in U.S. Pat. No. 3,755,220 issued August 
28, 1973 mention that certain chemical additives known as debonding agents 
interfere with the natural fiber-to-fiber bonding that occurs during sheet formation 
In paper making processes. This reduction In bonding leads to a softer, or less 
harsh, sheet of paper. Freimark et ai, go on to teach the use of wet strength resins 
in conjunction with the use of debonding agents to off-set the undesirable effects 
of the debonding agents. These debonding agents do reduce both dry tensile 
strength and wet tensile strength. 

Shaw. In U.S. Pat. No. 3.821 ,068, Issued June 28, 1974, also teaches that 
chemical debonders can be used to reduce the stiffness, and thus enhance the 
softness, of a tissue paper web. 

Chemical deborxfing agents have been disclosed in various references 
such as U.S. Pat. No. 3.554.662. issued to Hervey tt al. on January 12, 1971. 
These materials Include quaternary ammonium salts such as 
cocotrlmethylammonlum chloride, oleyltrimethylammonlum chloride, 
di(hydrogenated)tallow dimethyl ammonium chloride and stearyKrimethyl 
ammonium chloride. 

Emanuelsson et aL, In U.S. Pat No. 4,144,122, Issued March 13. 1979. 
teach the use of complex quaternary ammonium compounds such as bis(a!koxy(2- 
hydroxy)propylene) quaternary ammonium chlorides to soften webs. These 
authors also attempt to overcome any decrease in absorbency caused by the 
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debonders through the use of nonionic surfactants such as ethylene oxide and 
propylene oxide adducts of fatty alcohols. 

Armak Company, of Chicago, Illinois, in their bulletin 76-1 7 (1 977) disclose 
the use of dimethyl di(hydrogenated)tailow ammonium chloride in combination with 
fatty acid esters of polyoxyethylene glycols to Impart both softness and 
absorbency to tissue paper webs. 

One exemplary result of research directed toward improved paper webs is 
described in U.S. Pat. No. 3,301,746, issued to Sanford and Sisson on January 
31,1 967. Despite the high quality of paper webs made by the process described in 
this patent, and despite the commercial success of products formed from these 
webs, research efforts directed to finding Improved products have continued 

For example, Becker et al in U.S. Pat No. 4,158,594, issued January 19. 
- 1 979, describe a method they contend will form a strong, soft, fibrous sheet More 

j specifically, they teach that the strength of a tissue paper web (which may have 

been softened by the addition of chemical debonding agents) can be enhanced by 
: adhering,. during processing, one surface of the web to a creping surface In a fine 
patterned arrangement by a bonding material (such as en acrylic latex rubber 
emulsion, a water soluble resin, or an elastomeric bonding material) which has 
been adhered to one surface of the web and to the creping surface In the fine 
patterned arrangement, and creping the web from the creping surface to form a 
sheet material. 

Conventional quaternary ammonium compounds such as the weQ known 
dlatkyl dimethyl ammonium salts (e.g. dttallow dimethyl ammonium, chloride, 
dltallow dimethyl ammonium methyl sulfate, di(hydrogenated)tallow tfmethyl 
ammonium chloride etc ...) are effective chemical debonding agents. However, 
these quaternary ammonium compounds are hydrophobic, and can adversely 
affect the absorbency of the treated paper webs.. Applicants have discovered that 
mixing the quaternary ammonium compound with a polyhdroxy compound (e.g., 
glycerol, sorbitols, polyglycerols or polyethylene glycols) win enhance both 
softness and absorbency rate of fibrous cellulose materials. 

Unfortunately the use of chemical softening compositions comprising a 
quaternary ammonium compound and a poly hydroxy compound can decrease the 
Hni resistance of the treated paper webs. Applicants have discovered that the Qnt 
resistance can be Improved through the use of suitable binder materials such as 
wet and dry strength resins and retention aid resins known in the paper making art. 

The present Invention Is applicable to tissue paper in general, but 
particularity applicable to multi-layered tissue tissue paper products such as those 
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described In U.S. Patent 3.994,771. issued to Morgan Jr. et al. on November 30, 
1976, and incorporated herein by reference. 

It is an object of this invention to provide soft, absorbent and lint resistance 
multi-layered tissue paper products. 

H is also a further object of this invention to provide a process for making 
soft, absorbent, fint resistance mufti-layered tissue paper products. 

These and other objects are obtained using the present Invention, as will 
become readily apparent from a reading of the following disclosure. 



The present invention provides soft, absorbent Dnt resistant mutU-tayered 
tissue paper products comprising paper making fibers, chemical softening 
compositions and binder materials. Briefly, the chemical softening composition 
comprises 8 mixture of : 

(a) from about 0.01% to about 3.0% of a quaternary ammonium compound 
having the formula 



wherein each R2 substfluent Is a C1 - C6 alkyl or hydroxyalkyf group, or mixture 
thereof; each Ri substituent Is a C14 - C22 hydrocarbyl group, or mixture 
thereof; and X' Is a suitable anion; and 

(b) from about 0.01% to about 3.0% of a polyhydroxy compound; preferably 
selected from the group consisting of glycerol, sorbitols, potyglycerols having a 
weight average molecular weight of from about 150 to about 600 and 
potyoxyethylene glycols and polyoxypropylene glycols having a weight average 
molecular weight from about 200 to 4000. 

Preferably the weight ratio of the quaternary ammonium compound to the 
polyhydroxy compound ranges from about 1.0 : 0.1 to 0.1 : 1.0. It has been 



SUMMARY OF THE INVENTION 
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discovered that the chemical softening composition is more effective when the 
polyhydroxy compound iand the quaternary ammonium compound are first pre- 
mixed together, preferably at a temperature of at least 40 °C, before being added 
to the papermaking furnish. 

Examples of quaternary ammonium compounds suitable for use in the 
present invention include the well-known dialkyldimethylammonium salts such as 
DiTallow DiMethyl Ammonium Chloride (DTDMAC), DiTaliow DiMethyl Ammonium 
Methyl Sulfate (DTDMAMS), Di(Hydrogenated)Tallow DiMethyl Ammonium Methyl 
Sulfate (DHTOMAMS). DI(Hydrogenated)Tallow DiMethyl Ammonium Chloride 
(DHTDMAC). 

Examples of polyhydroxy compounds useful In the present Invention 
include glycerol, sorbitols, polyglycerols having a weight average molecular weight 
of from about 150 to about 800 and polyoxyethylene glycols having a weight 
average molecular weight of from about 200 to about 4000, with polyoxyethylene 
glycols having a weight average molecular weight of from about 200 to about 600 
being preferred. 

The term binder refers to the various wet and dry strength additives, and 
retention aids known in the art These materials improve the Dm resistance of the 
tissue paper webs of the present invention as well as counteracting any decrease 
In tensile strength caused by chemical softening compositions. Examples of 
suitable binder materials Include permanent wet strength resins p.e. Kymene • 
557H marketed by Hercules Incorporated of Wilmington, DE), temporary wet 
strength resins (Le. National starch 78-0080 marketed by National Starch and 
Chemical corporation of New-York, NY), dry strength resins (I.e. Acco • 514. 
Acco ® 71 1 marketed by American Cyanamid company of Wayne. New Jersey) 
and retention aid resins (l.e. Percol *175 marketed by Allied Colloids of Suffolk, 
Virginia). 

Briefly, the process for making the muttt-lavArod tissuo oanor wok* «k« 
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BRIEF DESCRIPTION OF THE DRAWINGS 

While the Specification concludes with claims particularly pointing out and 
distinctly claiming the present invention, it is believed the invention is better 
understood from the following description taken in conjunction with the associated 
drawings, In which : 

Figure 1 1s a schematic cross-sectional view of a three-layered single ply 
toilet tissue in accordance with the present invention. 

Figure 2 is a schematic cross-sectional view of a two-layered two-ply facial 
tissue In accordance with the present invention. 

The present invention is described In more detail below. 

DETAILED DESCRIPTION OF THE INVENTION 

- \ While this specification concludes with claims particularly pointing out and 

distinctly claiming the subject matter regarded as the invention, M is believed that 
.. the invention' can be better understood from a reading of the following detailed 
description and of the appended examples. 

As used herein, the term °Qnt resistance" is the ability of the fibrous product, 
and its constituent webs, to bind together under use conditions, particularly when 
wet In other words, the higher the Ont resistance is, the lower the propensity of the 
web to lint will be. 

As used herein, the term "binder" refers to the various wet and dry strength 
resins and retention aid resins known In the paper making art 

As used herein, the term "water soluble" refers to materials that are soluble 
in water to at least 3% 8125*0. 

As used herein, the terms "tissue paper web, paper web. web, paper sheet 
and paper product" all refer to sheets of paper made by a process comprising the 
steps of forming an aqueous paper making furnish, depositing this furnish on a 
foraminous surface, such as a Fourdrinler wire, and removing the water from the 
furnish as by gravity or vacuum-assisted drainage, with or without pressing, and 
by evaporation. 

As used herein, an "aqueous paper making furnish* is an aqueous shiny of 
paper making fibers and the chemicals described hereinafter. 

As used herein, the term "multi-layered tissue paper web, multi-layered 
paper web, multi-layered web, multi-layered paper sheet and multi-layered paper 
product* all refer to sheets of paper prepared from two or more layers of aqueous 
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paper making furnish which are preferably comprised of different fiber types, the 
fibers typically being relatively long softwood and relatively short hardwood fibers 
as used in tissue paper making, The layers are preferably formed from the 
deposition of separate streams of dilute fiber slurries, upon one or more endless 
foramlnous screens. If the Individual layers are initially formed on separate wires, 
the layers are subsequently combined (while wet) to form a layered composite 
web. 

The first step in the process of this Invention Is the forming of an aqueous 
paper making furnish. The furnish comprises paper making fibers (hereinafter 
, sometimes referred to as wood pulp), and a mixture of at least one quaternary 

ammonium compound, a polyhydroxy compound and binder materials aO of which 
will be hereinafter described. 
~ ft Is anticipated that wood pulp In all Its varieties will normally comprise the 

paper making fibers used in this Invention. However, other cellulose fibrous pulps, 
* . > such as cotton liners, bagasse, rayon, etc., can be used and none are dsclaimed. . 

m !ur « * ■ . > Wood pulps useful herein Include chemical pulps such as Kraft, sulfite and sulfate 

pulps as well as mechanical pulps Including for example, ground wood, 
thermomechanical pulps and ChemJ-ThermoMechanical Pulp (CTMP). Pulps 
derived from both deciduous and coniferous trees can be used 

Both hardwood pulps and softwood pulps as weO as blends of the two may 
be employed. The terms hardwood pulps as used herein refers to fibrous pulp 
derived from the woody substance of deciduous trees (anglosperms): wherein 
softwood pulps are fibrous pulps derived from the woody substance of coniferous 
trees (gymnosperms). Hardwood pulps such as eucalyptus are particularity 
suitable for the outer layers of the multi-layered tissue webs described hereinafter, 
whereas northern softwood Kraft pulps are preferred for the inner layers) or 
ply (s). Also applicable to the present invention are fibers derived from recycled 
paper, which may contain any or all of the above categories as weO as other non- 
fibrous materials such as fillers and adheslves used to facilitate the original paper 
making. 

Chemical Softener Compositions 

The present Invention contains as an essential component a mixture of a 
quaternary ammonium compound and a polyhydroxy compound. The ratio of the 
quaternary ammonium compound to the polyhydroxy compound ranges from 
about 1.0 : 0.1 to 0.1 : 1.0; preferably, the weight ratio of the quaternary 
ammonium compound to the polyhydroxy compound is about 1.0 : 0.3 to 0.3 : 1.0; 
more preferably, the weight ratio of the quaternary ammonium compound to the 
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polyhydroxy compound Is about 1.0 : 0.7 to 0.7 : 1.0 . although this ratio will vary 
depending upon the molecular weight ol the particular polyhydroxy compound 
and/or quaternary ammonium compound used. 

Each of these types of compounds will be described in detail below. 
A. Quaternary Ammonium Compound 

The chemical softening composition contains as an essential component 
from about 0.01% to about 3.00% by weight, preferably from about 0.01% to about 
1.00% by weight of a quaternary ammonium compound having the formula 



1 1 * . tn the structure named above each Ri Is C1 4-C22 hydrocarbon group, preferably 
r tallow, R2 is a C1 - C6 alkyl or hydroxyalkyl group, preferably C1-C3 alkyt, X* Is a 
suitable anion, such as an hafide (e.g. chloride or bromide) or methyl sulfate. As 
discussed in Swem, Ed. in Baile/s Industrial Oil and Fat Products. Third Edition, 
John Wiley and Sons (New York 19S4), tallow Is a naturally occurring material 
having a variable composition. Table 6.13 in the above-Identified reference edited 
by Swem Indicates that typically 78% or more of the fatty acids of tallow contain 16 
or 18 carbon atoms. Typically, half of the fatty acids present In tallow are 
unsaturated, primarily In the form of oleic acid. Synthetic as welt as natural 
"tallows" fall within the scope of the present invention. Preferably, each Ri Is C1 6- 
C18 alkyl, most preferably each Ri is straight-chain CI 8 alkyl. Preferably, each 
R2 is methyl and X" Is chloride or methyl sulfate. 

Examples of quaternary ammonium compounds suitable for use in the 
present invention include the wen-known dialkyldlmethylammonlum salts such as 
(fitallow dimethyl ammonium chloride, ditallow dlmethylammonium methyl sulfate. 
di(hydrogenaled)tallow dimethyl ammonium chloride; with di(hydrogenated)tallow 
dimethyl ammonium methyl sulfate being preferred. This particular material is 
available commercially from Sherex Chemical Company Inc. of Dublin, Ohio under 
the tradename -Varisoft • 137*. 
B. Polyhydroxy Compound 
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The chemical softening composition contains as an essential component 
from about 0.01% to about 3.00% by weight, preferably from about 0.01% to about 
1 .00% by weight of a polyhydroxy compound 

Examples of polyhydroxy compounds useful in the present invention include 
glycerol, sorbitols, polyglycerols having a weight average molecular weight of from 
about 150 to about 800 and polyoxyethytene glycols and poryoxy propylene glycols 
having a weight average molecular weight of from about 200 to about 4000. 
preferably from about 200 to about 1000, most preferably from about 200 to about 
600. Potyoxyethylene glycols having an weight average molecular weight of from 
about 200 to about 600 are especially preferred. Mixtures of the above-described 
polyhydroxy compounds may also be used. For example, mixtures of glycerol and 
polyoxyethytene glycols having a weight average molecular weight from about 200 
to 1000, more preferably from about 200 to 600 are useful In the present 
invention. Preferably, the weight ratio of glycerol to poryoxyethylene glycol ranges 
from about 10 : 1 to 1: 10. 

A particularly preferred polyhydroxy compound, is poryoxyethylene glycol ' 
having an weight average molecular weight of about 400. This material Is available 
commercially from the Union Carbide Company of Danbury, Connecticut under the 
tradename "PEG-40<r. 

The chemical softening composition described above i.e. mixture of a 
quaternary ammonium compounds and a polyhydroxy compound are preferably 
diluted to a desired concentration to form a dispersion of the quat and polyhydroxy 
compounds before being added to the aqueous slurry of paper making fibers, or 
furnish, in the wet end of the paper making machine at some suitable point ahead 
of the Fourdrinier wire or sheet forming stage. However, applications of the above 
described chemical softening composition subsequent to formation of a wet tissue 
web and prior to drying of the web to completion will also provide significant 
softness, absorbency. and wet strength benefits and are expressly included within 
the scope of the present Invention. 

ft has been discovered that the chemical softening composition Is more 
effective when the quaternary ammonium compound and the polyhydroxy 
compound are first pre-mixed together before being added to the paper making 
furnish. A preferred method, as will be described In greater detail hereinafter in 
Example 1 . consists of first heating the polyhydroxy compound to a temperature of 
about 66 °C (150°F), and then adding the quaternary ammonium compound to the 
hot polyhydroxy compound to form a homogenous fluid The weight ratio of the 
quaternary ammonium compound to the polyhydroxy compound ranges from 
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about 1.0 : 0.1 to 0.1 : 1.0; preferably, the weight ratio of the quaternary 
ammonium compound to the polyhydroxy compound is about 1 .0 : 0.3 to 0.3 : 1 .0; 
more preferably, the weight ratio of the quaternary ammonium compound to the 
polyhydroxy compound is about 1.0 : 07 to 0.7 : 1.0. although this ratio will vary 
depending upon the molecular weight of the particular compound and/or 
quaternary ammonium compound used. 

It has unexpectedly been found that the adsorption of the polyhydroxy 
compound onto paper Is significantly enhanced when H is premixed with the 
quaternary ammonium compound and added to the paper by the above described 
process, in fact, at least 20% of the polyhydroxy compound and the quaternary 
ammonium compound added to the fibrous cellulose are retained; preferably, the 
retention level of quaternary ammonium compound and the polyhydroxy 
compound Is from about 50% to about 90% of the added levels. 

Importantly, adsorption occurs at a concentration and within a time frame 
/ that are practical for use during paper making. In an effort to better understand the 
s surprisingly high retention rate of polyhydroxy compound onto the paper, the 
physical science of the melted solution and the aqueous dispersion of a 
Di(Hydrogenated)TaDow DiMethyl Ammonium Methyl Sulfate (DHTDMAMS), and 
potyoxyethylene glycol 400 were studied. 

Without wishing to be bound by theory, or to otherwise limit the present 
invention, the following tfscussion is offered for explaining how the quaternary 
ammonium compound promotes the adsorption of the polyhydroxy compound onto 
paper. 

Information on the physical state of DHTDMAMS Oi(Hydrogenated)TaUow 
DiMethyl Ammonium Methyl Sulfate, R2N*(CH3)2,CH 3 OS03- and on DOOMAMS 
is provided by X-ray and NMR (Nuclear Magnetic Resonance) data on the 
commercial mixture. DODMAMS (DiOctadecyl DiMethyl Ammonium Methyl 
Sulfate. (C 18 H37)2N*(CH3)2 l CH3OS03-) is a major component of DHTDMAMS, 
and serves as a model compound for the commercial mixture. It is useful to 
consider first the simpler DODMAMS system, and then the more complex 
commercial DHTDMAMS mixture. 

Depending on the temperature, DODMAMS may exist in any of four phase 
states: two polymorphic crystals (XP and X*). a lamellar (Lam) fiquld crystal, or a 
Oquld phase. The X0 crystal exists from below room temperature to 47 °C. At this 
temperature it Is transformed Into the polymorphic X« crystal, which at 72 °C is 
transformed Into the Urn Squid ciystal phase. This phase. In turn, is transformed 
into an isotropic Rquid at 150°C. DHTDMAMS Is expected to resemble 
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OODMAMS in its physical behavior, except that the temperatures of the phase 
transitions will be lowered and broadened. For example, the transition from the xP 
to the X<* crystal occurs at 27 °C in DHTDMAMS Instead of 47 °C as in 
OODMAMS. Also, calorlmetrlc data indicate that several crystal -> Lam phase 
transitions occur in DHTDMAMS rather than one as In OODMAMS. The onset 
temperature of the highest of these transitions is 56 °C, In good agreement with 
the X-ray data. 

DODMAC (DiOctadecyl OiMethyl Ammonium Chloride) displays qualitatively 
different behavior from OODMAMS In that the Lam iquid crystal phase does -not 
exist in this compound (LaughDn et aL, Journal of Physical Chemistry, Physical 
Science of the Dloctadecyldlmethylammonlum Chloride-Water System. 1. 
Equilibrium Phase Behavior, 1990, volume 94, pages 2546-2552. Incorporated 
herein by reference). This difference, however, is believed not to be Important to 
the use of this compound (or its commercial analog DHTDMAC) In the treatment 
of paper. ' * * 

Mixtures of DHTDMAMS With PEQ-400; 

A 1 : 1 weight ratio mixture of these two" materials Is studied. OODMAMS 
and PEG are shown to be immiscible at high temperatures, where they coexist as 
two fiquld phases. As mixtures of the two OquWs within this region are cooled, a 
Lam phase separates from the mixture. This study therefore shows that these two 
materials, while Immiscible at high temperatures do become mlscible at lower 
temperatures within the Lam fiquld crystal phase. At still lower temperatures 
crystal phases are expected to separate from the Lam phase, and the compounds 
are again immiscible. 

These studies therefore suggest that in order to form good dispersions of 
DHTDMAMS and PEG-400 In water, the premix that is diluted with water should 
be held within the Intermediate temperature range where the two compounds are 
misdbie. 

Mixtures of DHTDMAC with PEG-400. 

Phase studies of these two materials using the step-wise dilution method 
demonstrate that their physical behavior Is considerably different from that of 
DHTDMAMS. No fiquld crystal phases are found. These compounds are mlscible 
as Gquld solution over a wide range of temperatures, which indicates that 
dispersions may be prepared from these mixtures over a comparable range of 
temperatures. In particular no upper temperature Omit of mlstfbility exists. 
Preparation of dispersions. 
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Dispersions of either of these materials may be prepared by diluting a premix, 
that is held at a temperature at which the potyhydroxy compound and the 
quaternary ammonium salt are miscibie, with water. H does not matter greatly 
whether they are miscibie as a liquid crystalline phase (as in the case of 
DHTDMAMS), or as a liquid phase (as in the case of DHTOMAC). Neither 
DHTDMAMS nor DHTDMAC are soluble in water, so that dilution of either dry 
phase with water will precipitate the quaternary ammonium compound as small 
particles. Both quaternary ammonium compounds will precipitate at elevated 
temperatures as a liquid-crystal phase In dilute aqueous solutions, regardless of 
whether the dry solution was liquid or liquid crystalline. The polyhydroxy 
compound is soluble with water In all proportions, so is not precipitated. 

Cryoelectron microscopy demonstrates that the particles present in the 
dispersion are about 0.1 to 1 .0 micrometers In size, and highly varied In structure. 
Some are sheets (curved or flat), while others are closed vesicles. The 
membranes of all these panicles are bllayers of molecular dimensions in which the 
head groups are exposed to water, the tails are together. The PEG is presumed to 
be associated with these particles. The application of dispersions prepared in this 
manner to paper results In attachment of the quaternary ammonium ion to the 
paper, strongly promotes the adsorption of the polyhydroxy compound onto paper, 
and produces the desired enhancement of softness with retention of wettability. 
State of the dispersions. 

When the above described dispersions are cooled, the partial crystallization 
of the material within the colloidal particles may occur. However, It Is likely that the 
attainment of the equilibrium state win require a long time (perhaps months), so 
that the membranes within those particles that Interact with paper are In a 
disordered state. 

It Is believed that the vesicles containing DHTDMAMS and PEG break apart 
upon drying of the fibrous cellulosic material. Once the vesicle is broken, the 
majority of the PEG component may penetrate into the interior of the cellulose 
fibers where H enhances the fiber flexibility. Importantly, some of the PEG Is 
retained on the surface of the fiber where it acts to enhance the absorbency rate of 
the cellulose fibers. Due to Ionic Interactions, the majority of the DHTDMAMS 
component stays on the surface of the cellulose fiber, where it enhances the 
surface feel and softness of the paper product 
Binder materials 

The present Invention contains as an essential component from about 0.01% 
to about 3.0%, preferably from about 0.01% to about 1% by weight of a binder 
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material selected from the group consisting of permanent wet strength resins, 
temporary wet strength resins, dry strength resins, retention aid resins and 
mixtures thereof. The binder materials act to control Gnting and atso to offset the 
loss in tensile strength, if any. resulting from the chemical softener compositions. 

If permanent wet strength Is desired, the binder materials can be chosen 
from the following group of chemicals: polyamlde-epichlorohydrin, 
polyacrylamides, styrene-butadiene latexes; insotubiitzed polyvinyl alcohol; urea- 
formaldehyde; polyethyleneimine; chitosan polymers and mixtures thereof. 
PolyamJde-eplchlorohydrtn resins are cationlc wet strength resins which have 
been found to be of particular utility. Suitable types of such resins are described In 
U.S. Patent No. 3,700,623, Issued on October 24, 1972, and 3,772.076. Issued on 
November 13, 1973, both Issued to Keim and both being hereby incorporated by 
reference. One commercial source of a useful potyamlde-epichtorohydrfn resins Is 
Hercules. Inc. of Wilmington, Delaware, which markets 6uch resin under the mark 
Kymeme ® 557H. 

w - \ Mt* \ *•* * .r.i Polyacrylamide resins have also been found to be of utility as wet strength v *r ,f i 

>o .resins or retention aids. These resins are described in U.S. Patent No. 3,556,932, 
issued on January 19. 1971 . to Coscia, et al and 3,556,933, Issued on January 
19, 1971. to Williams et al., both patents being Incorporated herein by reference. 
One commercial source of polyacrylamide resins Is American Cyanamid Co. of 
Stanford, Connecticut, which markets one such resin under the mark Parez * 631 
NC. Other commercial sources of cationlc polyacrylamide resins are Allied 
Colloids of Sultolk, Virginia, and Hercules. Inc. of Wilmington, Delaware, which 
markets such resins under the marks Percol • 175 and Reten • 1232. 

StfO other water-soluble cationlc resins finding utUHy In this invention are urea 
formaldehyde and melamlne formaldehyde resins. The more common functional 
groups of these polyfunction^ resins are nitrogen containing groups such as 
amino groups and methylol groups attached to nitrogen. Polyethylenimlne type 
resins may also find utility In the present Invention. 

If temporary wet strength Is desired, the binder materials can be chosen 
from the following group of starch-based temporary wet strength resins: cationlc 
diakfehyde starch-based resin (such as Caldas produced by Japan Cartet or 
Cobond 1000 produced by National Starch); dialdehyde starch; and/or the resin 
described In U.S. Patent No. 4,981 .557 issued on January 1 , 1991 , to Bjorkquist 
and incorporated herein by reference. 

If dry strength is desired, the binder materials can be chosen from the 
following group of materials: polyacrylamide (such as combinations of Cypro 514 
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and Accostrength 71 1 produced by American cyanamid of Wayne, N.J.); starch 
(such as corn starch or potato starch); polyvinyl alcohol (such as Airvol 540 
produced by Air Products Inc of Allentown, PA); guar or locust bean gums; 
polyacrylate latexes: and/or cartooxymethyl cellulose (such as Aqualon CMC-T 
from Aqualon Co.. Wilmington, DE). In general, suitable starch for practicing the 
present Invention is characterized by water solubility, and hydrophlDcity. 
Exemplary starch materials include corn starch and potato starch, albeit it is not 
intended to thereby limit the scope of suitable starch materials; and waxy com 
starch that Is known industrially as amioca starch is particularly preferred Amioca 
starch differs from common corn starch in that It is entirely amylopectin. whereas 
common corn starch contains both amplopectln and amylose. Various unique 
characteristics of amioca starch are further described In 'Amioca - The Starch 
from Waxy Corn\ H. H. Schopmeyer, food Industries, December 1945. pp. 106- 
108 (Vol. pp. 1476*1478). The starch can be in granular or dispersed tern albeit 
granular form is preferred. The starch is preferably sufficiently cooked to induce 
swelling of the granules. More preferably, the starch granules are swollen, as by 
cooking, to a point Just prior to dispersion of the starch granule. Such highly 
swollen starch granules shall be referred to as being VuDy cooked". The conditions 
for dispersion In general can vary depending upon the size of the starch granules, 
the degree of crystalfinity of the granules, and the amount of amylose present 
Fully cooked amioca starch, for example, can be prepared by heating an aqueous 
slurry of about 4X consistency of starch granules at about 190 °F (about 88 *C) for 
between about 30 and about 40 minutes. Other exemplary starch materials which 
may be used include modified cationic starches such as those modified to have 
nitrogen containing groups such as amino groups and methylol groups attached to 
nitrogen, available from National Starch and Chemical Company, (Brfdgewater, 
New Jersey). Such mcxfified starch materials are used primarily as a pulp furnish 
additive to Increase wet anchor dry strength. Considering that such modified starch 
materials are more expensive than unmodified starches, the latter have generally 
been preferred. 

Methods of application include, the same previously described with 
reference to application of other chemical additives preferably by wet end addition, 
spraying; and. less preferably, by printing. The binder may be appOed to the tissue 
paper web alone, simultaneously with, prior to, or subsequent to the addition of 
softener, absorbency, and/or aesthetic additives. At least an effective amount of a 
binder, preferably starch, to provide lint control and concomitant strength increase 
upon drying relative to a non-binder treated but otherwise identical sheet is 
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preferably appGed to the sheet. Preferably, between about 0.01% and about 3.0% 
of a binder is retained in the dried sheet, calculated on a dry fiber weight basis; 
•and, more preferably, between about 0.1% and about 1.0% of a binder material! 
preferably starch-based. Is retained. 

The second step In the process of this Invention is tha depositing of the 
multi-layered paper making furnish using the above described chemical softener 
composition and binder materials as additives on a foramlnous surface and the 
third step is the removing of the water from the furnish so deposited. Techniques 
and equipment which can be used to accomplish these two processing steps will 
be readily apparent to those skilled In the paper making art. Preferred mufti- 
layered tissue paper embodiments of the present Invention contain from about 
0.01% to about 3.0%. more preferably from about 0.1% to 1.0% by weight, on a 
dry fiber basis of the chemical softening composition and binder materials 
described herein. 

; l The present invention is applicable to multi-layered tissue paper in general. 
Including but not fimhed to conventionally felt-pressed multi-layered tissue paper- 
high bulk pattern densified multi-layered tissue paper, and high bulk, uncompacted 
multi-layered tissue paper. The multi-layered tissue paper products made 
therefrom may be of a single-ply or multi-ply construction. Tissue structures 
formed from layered paper webs are described In U.S. Patent 3.994.771. Morgan. 
Jr. et al. issued November 30. 1976. and Incorporated herein by reference. In 
general, a wet-laid composite, soft, bulky and absorbent paper structure Is 
prepared from two or more layers of furnish which are preferably comprised of 
different fiber types. The layers are preferably formed from the deposition of 
separate streams of dilute fiber slurries, the fibers typically being relatively long 
softwood and relatively short hardwood fibers as used in multi-layered tissue paper 
making, upon one or more endless foramlnous screens. If the individual layers are 
initially formed on separate wires, the layers are subsequently combined (while 
wet) to form a layered composite web. The layered web is subsequently caused to 
conform to the surface of an open mesh drying/imprinting fabric by the application 
of a fluid force to the web and thereafter thermally predried on said fabric as part of 
a low density paper making process. The layered web may be stratified with 
respect to fiber type or the fiber content of the respective layers may be essentially 
the same. The multi-layered tissue paper preferably has a basis weight of between 
10 g/m 2 and about 65 g/m* and density of about 0.60 g/cm3 or less. Preferably, 
basis weight will be below about 35 g/m* or less; and density will be about 0.30 
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Q/cm3 or less. Most preferably, density will be between 0.04 g/cm* and 0.20 g/cm 3 . 
The multi-layered tissue paper webs of the present invention comprise at 
least two superposed layers, a first layer and at least one second layer contiguous 
with the first layer. Preferably, the multi-layered tissue papers comprise three 
superposed layers, an inner or center layer, and two outer layers, with the inner 
layer located between the two outer layers. The two outer layers preferably 
comprise a primary filamentary constituent of about 60% or more by weight of 
relatively short paper making fibers having an average fiber between about 0.2 
and about 1.5 mm. These short paper making fibers are typically hardwood fibers, 
preferably, eucalyptus fibers. Alternatively, low cost sources of short fibers such 
as sulfite fibers, thermomechanica) pulp, Chemi-ThermoMechanJcal Pulp (CTMP) 
fibers, recycled fibers, Including fibers fractionated from recycled fibers and 
mixtures thereof can be used in one or both of the outer layers or blended in the 
inner layer, if desired. The inner layer preferably comprises a primary filamentary 
constituent of about 60% or more by weight of relatively long paper making fibers . „ 
having an average fiber length of least about 2.0 mm. These long paper making 
fibers are typically softwood fibers, preferably, northern softwood Kraft fibers. 
Figure 1 is a schematic cross-sectional view of a three-layered single pry toilet 
tissue in accordance with the present invention. Referring to Figure 1. the three 
layered single ply web 10. comprises three superposed layers, inner layer 12 , 
and two outer layers 11. Outer layers 11 are comprised primarily of short paper 
making fibers 16; whereas inner layer 12 is comprised primarily of long paper 
making fibers 17. 

In an alternate preferred embodiment of the present invention, muffl-pty 
tissue paper products are formed by placing at least two multi-layered tissue 
paper webs in Juxtaposed relation. For example, a two-ply tissue paper product 
can be made comprising a first two-layered tissue paper web and a second two- 
layered tissue paper web in juxtaposed relation. In this example, each ply is a 
two-layer tissue sheet comprising a first layer and a second layer. The first layer 
preferably comprises the short hardwood fibers and the second layer preferably 
comprises the long softwood fibers. The two ptys are combined in a manner such 
that the short hardwood fibers of each ply face outwardly, and the layers 
containing the long softwood fibers face inwardly. Figure 2 Is a schematic cross- 
sectional view of a two-layered two-ply facial tissue in accordance with the present 
invention. Referring to figure 2, the two-layered two* ply web 20, Is comprised of 
two plies 15 in Juxtaposed relation. Each ply 15 is comprised of inner layer 19, 
and outer layer 18. Outer layers 18 are comprised primarily of short paper 
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making fibers 16: whereas inner layers 19 are comprised primarily of long paper 
making fibers 17. Similarly three-ply tissue paper products can be made by placing 
three multi-layered tissue paper webs In juxtaposed relation. 

It should not be inferred from the above discussion that the present 
invention Is limited to tissue paper products comprising three-layers - single ply 
or two-pry s - two layers, etc. Tissue paper products consisting of three or more 
plys in combination with each ply consisting of one or more layers are also 
expressly meant to be included within the scope of the present Invention. 

Preferably, the majority of the quaternary ammonium compound and the 
polyhydroxy compound Is contained In at toast one of the outer layers of the muW- 
layered tissue paper web of the present Invention. More preferably, the majority: 
of the quaternary ammonium compound and the polyhydroxy compound is 
contained In both of the outer layers. It has been discovered that the chemical 
softening composition is most effective when added to the outer layers or pfies of 
the tissue paper products. There, the mixture of the, quaternary compound and 
polyhdroxy compound act to enhance both the softness and the absorbency of the 
muni-layered tissue products of the present Invention. Referring to figures .1 and 2, 
. the chemical softening composition comprising a mixture of the quaternary 
ammonium compound and the polyhdroxy compound is schematically represented 
by dark circles 14. It can be seen In figures 1 and 2 thai the majority of the 
chemical softening composition 14 Is contained In outer layers 11 and 18. 
respectively. 

However, It has also been discovered that the fint resistance of the 
muftilayered tissue paper products decreases with the inclusion of the quaternary 
ammonium compound and the polyhdroxy compound. Themfore, biwter materials 
ore used for liming control and to Increase the tensile strength. Preferably, the 
binder is contained In the Inner layer and at least one of the outer layers of the 
multi-layered tissue paper webs of the present invention. More preferably, the 
binder Is contained throughout the multi-layered product, Le., in the inner and 
outer layers. Referring to figures 1 and 2, the binder materials are schematically 
represented by white circles 13. ft can be seen In figures 1 and 2 that the majority 
of the binder materials 13 are contained In Inner layers 12 and 10 respectively. In 
an alternate preferred embodiment (not shown), the majority of the binder is 
contained In at least one of the outer layers, more preferably both of the two outer 
layers of the multi-layered product 

The combination of the chemical softening composition comprising a 
quaternary ammonium compound and a polyhdroxy compound In conjunction with 
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a binder material results in a tissue paper product having superior softness, 
absorbency, and flnt resistance properties. Selectively adding the majority of the 
•chemical softening composition to the outer layers or plys of the tissue paper, 
enhances its effectiveness. Typically the binder materials are dispersed 
throughout the tissue sheet to control Anting. However, Oka the chemical softening 
composition, the binder materials can be selectively added where most needed. 

Conventionally pressed multi-layered tissue paper and methods tor making 
such paper are known in the art Such paper is typically made by depositing paper 
making furnish on a toramlnous forming wife. This forming wire is often referred to 
j In the art as a Fourdrtnier wire. Once the furnish is deposited on the forming wtre, It 

is referred to as a web. The wsb Is dewatered by transferring to a dewatertng left, 
pressing the web and drying at elevated temperature. The particular techniques 
i and typical equipment for making webs acconflng to the process Just described are 

3 wed known to those skilled In the art In a typical process, a low consistency putp 

£ . furnish Is provided in a pressurized headbox* The headbox hat an opening for 
hi <S;-r^^jf ^ !i delivering a thin deposit of pulp torrfsfcpntt^ a wet web. 

• : V - „l s iJ/. « The web is then typically dewatered to a fiber consistency of between about 7% 
r and about 25% (total web Wight basis) by vacuum dewaterino and further 
dewatered by pressing operations wherein the web is subjected to pressure 
developed by opposing mechanical members, for example, cyindrical roRa. 
j The dewatered web Is then further pressed during transfer and being dried 

by a gream drum apparatus known In the art as a Yankee dryer. Pressure can be 
developed at the Yankee dryer by mechanical means such as an opposing 
cyfindrfcal drum pressing against the web. Vacuum may also be applied to the 
& web as ft Is pressed against the Yankee surface. Multiple Yankee dryer drums may 

.be employed; whereby additional pressing is optionally Incurred between the 
drum* Tto munMayered tissue paper structures which are tormed^w 
hereinafter as conventional, pressed 

sheets are considered to be compacted since the web is subjected to substantial 
j mechanical compression forces while the fibers are moist and are then dried while 

In a compressed state. 

Pattern densified multi-layered tissue paper Is characterized by having a 
relatively high bulk Geld of relatively low fiber density and an array of densified 
zones of relatively high fiber density. The high bulk field Is alternatively 
characterized as a field of pillow regions. The densified zones are alternatively 
referred to as knuckle regions. The densified zones may be discretely spaced 
within the high bulk field or may be Interconnected, either fully or partially, within 
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the high bulk field. Preferred processes for making pattern densified tissue webs 
are disclosed in U.S. Patent No. 3,301,746. issued to Sanford and Sisson on 
January 31. 1967, U.S. Patent No. 3.974,025, issued to Peter G. Ayers on August 
10, 1976, and U.S. Patent No. 4,191.609. issued to Paul D. Trokhan on March 4, 
1980. and U.S. Patent 4,637.859. Issued to Paul D. Trokhan on January 20. 1987; 
all ol which are incorporated herein by reference. 

In genera), pattern densified webs are preferably prepared by depositing a 
paper making furnish on a foraminous forming wire such as a Fourdrinier wire to 
form a wet web and then Juxtaposing the web against an array of supports. The 
web is pressed against the array of supports, thereby resulting In densified zones 
in the web at the locations geographically corresponding to the points of contact 
between the array of supports and the wet web. The remainder of the web not 
compressed during this operation is referred to as the high bulk field. This high 
bulk field can be further dedensified by application of fluid pressure, such as with a 
vacuum type device or a blow-through dryer. The web is de watered, and optionally 
predried. in such*a manner so as to substantially avoid compression of the high 
bulk field. This is preferably accomplished by fluid pressure, such as with a 
vacuum type device or blow-through dryer, or alternately by mechanically pressing 
the web against an array of supports wherein the high bulk field is not 
compressed. The operations of de watering, optional predrying and formation of the 
densified zones may be Integrated or partially integrated to reduce the total 
number of processing steps performed Subsequent to formation of the densified 
zones, dewatering, and optional predrying. the web Is dried to completion, 
preferably stilt avokfing mechanical pressing. Preferably, from about 8% to about 
55% of the multMayered tissue paper surface comprises densified knuckles having 
a relative density of at least 1 25% of the density of the high bulk field. 

The array of supports Is preferably an imprinting carrier fabric having a 
patterned displacement of knuckles which operate as the array of supports which 
facilitate the formation of the densified zones upon application of pressure. The 
pattern of knuckles constitutes the array of supports previously referred to. 
Imprinting carrier fabrics are disclosed in U.S. Patent No. 3,301,746, Sanford and 
Sisson, issued January 31. 1967, U.S. Patent No. 3,821,068, SaVucd, Jr. et a! 
issued May 21. 1974, U.S. Patent No. 3,974,025, Ayers. Issued August 10. 1976. 
U.S. Patent No. 3,573,164, Friedberg et al Issued March 30. 1971, U.S. Patent 
No. 3,473.576, Amneus, issued October 21. 1969, U.S. Patent No. 4,239.085, 
Trokhan, issued December 16, 1980, and U.S. Patent No. 4,528.239. Trokhan, 
issued July 9, 1985, all of which are incorporated herein by reference. 



WO 95/01478 



PCT/US94/06914 



20 

Preferably, the furnish is first formed into a wet web on a foraminous 
forming carrier, such as a Fourdrinier wire. The web is dewatered and transferred 
to an imprinting fabric. The furnish may alternately be initially deposited on a 
foraminous supporting carrier which also operates as an Imprinting fabric. Once 
formed, the wet web is dewatered and, preferably, thermally predried to a selected 
fiber consistency of between about 40% and about 80%. Dewatering can be 
performed with suction boxes or other vacuum devices or with blow-through 
dryers. The knuckle imprint of the imprinting fabric Is Impressed In the web as 
discussed above, prior to drying the web to completion. One method for 
accomplishing this Is through application of mechanical pressure. This can be 
done, for example, by pressing a nip roll which supports the imprinting fabric 
against the face of a drying drum, such as a Yankee dryer, wherein the web is 
disposed between the nip roll and drying drum. Also, preferably, the web is molded 
against the imprinting fabric prior to completion of drying by appBcation of fluid 
pressure with a vacuum device such as a suction box. or with a blow-through 
dryer. Fluid pressure may be applied to Induce impression of dehsified zones 
. during Initial dewatering, in a separate, subsequent process stage, or a 
combination thereof. - 

Uncompacted, nonpattem-densified multi-layered tissue paper structures 
are described In U.S. Patent No. 3,812.000 issued to Joseph L Salvuoci. Jr. and 
Peter N. Ylannos on May 21, 1974 and U.S. Patent No. 4,208,459. issued to 
Henry E. Becker, Albert L McConneD. and Richard Schutte on June 17, 1980. 
both of which are incorporated herein by reference. In general, uncompacted, non 
pattern densified multi-layered tissue paper structures are prepared by depositing 
a paper making furnish on a foraminous forming wire such as a Fourdrinier wire to 
form a wet web, draining the web and removing additional water without 
mechanical compression until the web has a fiber consistency of at least 80%. and 
creping the web. Water is removed from the web by vacuum dewatering and 
thermal drying. The resulting structure is a soft but weak high bulk sheet of 
relatively uncompacted fibers. Bonding material is preferably applied to portions of 
the web prior to creping. 

The multi-layered tissue paper web of this invention can be used in any 
application where soft, absorbent multi-layered tissue paper webs are required. 
Particularly advantageous uses of the muttMayered tissue paper web of this 
invention are in toilet tissue and facial tissue products. For example, two multi- 
layered tissue paper webs of this invention can be ply-bonded to form 2-ply facial 
or toilet tissue products. 
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Molecular Weight Determination 

A. Introduction 

The essential distinguishing characteristic of polymeric materials is their 
molecular size. The properties which have enabled polymers to be used in a 
diversity of applications derive almost entirely from their macro-molecular nature. 
In order to characterize fully these materials it is essential to have some means of 
defining and determining their molecular weights and molecular weight 
distributions. It is more correct to use the term relative molecular mass rather the 
molecular weight, but the latter Is used more generally in polymer technology. It Is 
not always practical to determine molecular weight distributions. However, this Is 
becoming more common practice using chromatographic techniques. Rather, 
recourse is made to expressing molecular size In terms of molecular weight 
averages. 

B. Molecular weight averages 

If we consider a simple molecular weight distribution which represents the 
weight fraction (wj) of molecules having relative molecular mass (Mi), H is possible' 
to define several useful average values. Averaging carried out on the basts of the 
number of molecules (N;) of a particular size (Mj) gives the Number Average 
Molecular Weight 

ZN 

An Important consequence of this definition Is that the Number Average 
Molecular Weight In grams contains Avogadro's Number of molecules. 
This definition of molecular weight Is consistent with that of monodisperse 
molecular species, i.e. molecules having the same molecular weight Of more 
significance is the recognition that If the number of molecules In a given mass of a 
pofydisperse polymer can be determined in some way then Kf n . can be calculated 
readily. This is the basis of colDgative property measurements. 

Averaging on the basis of the weight fractions (Wj) of molecules of a given 
mass (Mj) leads to the definition of Weight Average Molecular Weights 
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M w is a more useful means for expressing polymer molecular weights than Rn 
since it reflects more accurately such properties as melt viscosity and mechanical 
properties of polymers and is therefor used in the present invention. 

Analytical and Testing Procedures 

Analysis of the amount of treatment chemicals used herein or retained on 
multi-layered tissue paper webs can be performed by any method accepted in the 
applicable art . . . 

A. Quantitative analysis for quaternary ammonium and polyhydroxy 
compounds 

For example, the level of the quaternary ammonium compound, such as 
Di(Hydrogenated)Tatlow DiMethyl Ammonium Methyl Sulfate (DHTDMAMS) 
retained by the mufti-layered tissue paper can be determined by solvent extraction 
of the DHTDMAMS by an organic solvent followed by an anionicfcationlc titration . 
. using Dlmidium Bromide as indicator; the level of the polyhydroxy compound, such 
as PEG-400. can be determined by extraction in an aqueous solvent such as 
water followed by gas chromatography or colorlmotry techniques to determine the 
level of PEG-40O In the extract These methods are exemplary, and are not meant 
to exclude other methods which may be useful for determining levels of particular 
components retained by the multi-layered tissue paper. 

B. Hydrophlllclty (absorbenoy) 

HydrophlOcity of multi-layered tissue paper refers. In general, to the 
propensity of the multi-layered tissue paper to be wetted with water. Hydrophffidty 
of multi-layered tissue paper may be somewhat quantified by determining the 
period of time required for dry multi-layered tissue paper to become completely 
wetted with water. This period of time is referred to as "wetting time*. In order to 
provide a consistent and repeatable test for wetting time, the following procedure 
may be used for wetting time determinations: first, a conditioned sample unit sheet 
(the environmental conditions for testing of paper samples are 23*1°C and 5042% 
R.H. as specified In TAPPt Method T 402), approximately 4-3/8 inch x 4-3/4 Inch 
(about 11.1 cm x 12 cm) of multi-layered tissue paper structure is provided; 
second, the sheet is folded into four (4) Juxtaposed quarters, and then crumpled 
Into a ball approximately 0.75 Inches (about 1.9 cm) to about 1 inch (about 2.5 cm) 
In diameter; third, the balled sheet is placed on the surface of a body of distilled 
water at 23 * 1°C and a timer is simultaneously started; fourth, the timer Is 
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stopped and read when wetting of the bailed sheet is completed Complete wetting 
is observed visually. 

Hydrophilicity characters of multi-layered tissue paper embodiments of the 
present invention may, of course, be determined immediately after manufacture. 
However, substantial increases in hydrophobicity may occur during the first two 
weeks after the multi-layered tissue paper is made: l.e M after the paper has aged 
two (2) weeks following its manufacture. Thus, the wetting times are preferably 
measured at the end of such two week period. Accordingly, wetting times 
measured at the end of a two week aging period at room temperature are referred 
to as two week wetting times." 

C. Density 

The density of multi-layered tissue paper, as that term Is used herein, is the 
average density calculated as the basis weight of that paper divided by the caliper, 
with the appropriate unit conversions incorporated therein. Caliper of the multi- 
layered tissue paper, as used herein, is the thickness of the paper when subjected 
to a compressive load of 95 g/in 2 (1 5,5 gfcm 2 ). 

D. Unt 
Dry tint 

Dry Int can be measured using a Sutherland Rub Tester, a piece of black 
felt, a four pound weight and a Hunter Color meter. The Sutherland tester Is a 
motor-driven instrument which can stroke a weighted sample back and forth 
across a stationary sample. The piece of black felt is attached to the four pound 
weight. The tester then rubs or moves the weighted felt over a stationary issue 
sample for five strokes. The Hunter Color L value of the black felt Is determined 
before and after rubbing. The difference in the two Hunter Color readings 
constitutes a measurement of dry Anting. Other methods known In the prior arts 
for measuring dry fint also can be used 
Wet lint 

A suitable procedure for measuring the wet tinting property of tissue 
samples is described In U.S. Patent No. 4,950,545; issued to Walter et at, on 
August 21 , 1990, and incorporated herein by reference. The procedure essentially 
Involves passing a tissue sample through two steel rolls, one of which is partially 
submerged In a water bath. Unt from the tissue sample is transferred to the steel 
roll which is moistened by the water bath. The continued rotation of the steel roll 
deposits the M into the water bath. The Ont is recovered and then counted. See 
col. 5. One 45 - col 6, Ine 27 of the Walter et al. patent Other methods known in 
the prior art for measuring wet Ont also can be used. 
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Optional Ingredients 

Other chemicals commonly used in paper making can be added to the 
chemical softening composition described herein, or to the paper making furnish 
so long as they do not significantly and adversely affect the softening, absorbency 
of the fibrous material, and enhancing actions of the chemical softening 
composition. 

For example, surfactants may be used to treat the multi-layered tissue 
paper webs of the present Invention. The level of surfactant, if used. Is preferably 
from about 0.01% to about 2.0% by weight, based on the dry fiber weight of the 
multi-layered tissue paper. The surfactants preferably have alky! chains with eight 
or more carbon atoms. Exemplary anionic surfactants are linear alkyl sulfonates, 
and alkyibenzene sulfonates. Exemplary nonionic surfactants are alkylglycosides 
Including* afkylglyooslde esters such as Crodesta SL-40 which Is available from 
Croda, Inci (New York, NY); alkyiglycoside ethers as described In U.S. Patent 
4.011,389, Issued to W. K. Langdon. et al. on March 8. 1977; and 
atkylpolyethoxylated esters such as Pegosperse 200 ML available from Gtyco 
Chemicals, Inc. (Greenwich, CT) and IGEPAL RC-520 available from Rhone 
Poulenc Corporation (Cranbury, NJ.). 

The above Istings of optional chemical additives is intended to be merely 
exemplary in nature, and are not meant to Imft the scope of the Invention. 

The following examples Illustrate the practice of the present Invention but 
are not intended to be limiting thereof. 



EXAMPLE 1 

The purpose of this example Is to Illustrate a method that can be used to 
make-up a chemical softener composition comprising a mixture of 
Oi(Hydrogenated)Tanow DiMethyl Ammonium Methyl Sulfate (DHTDMAMS) and 
Polyoxyethylene Glycol 400 (PEG-400). 

A chemical softener composition Is prepared according to the following 
procedure : 1. An equivalent weight of DHTDMAMS and PEG-400 Is weighed 
separately; 2. PEG Is heated up to about 66 °C (150 °F); 3. DHTDMAMS is 
dissolved in the PEG to form a melted solution at 66 °C (150 °F); 4. Adequate 
mixing is provided to form a homogenous mixture of DHTDMAMS In PEG; 5. 
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The homogenous mixture of (4) Is cooled down to a solid form at room 
temperature. 

The chemical softener composition of (5) can be pre-mixed (steps 1-5 
above) at the chemical supplier (e.g. Sherex company of Dublin, Ohio) and then 
economically shipped to the ultimate users of the chemical softening composition 
where it can then be diluted to the desired concentration. 

EXAMPLE 2 

The purpose of this example Is to Illustrate a method that can be used to 
make-up a chemical softener composition which comprises a mixture of 
Di(Hydrogenated)Tallow DiMethyt Ammonium Methyl Sulfate (DHTDMAMS) and a 
mixture of Glycerol and PEG-400. 

A chemical softener composition Is prepared aocording to the following 
procedure : 1. A mixture of Glycerol and PEG-400 Is blended at 75 : 25 by weight 
ratio; 2. Equivalent weights of DHTDMAMS and the mixture of (1) are weighted 
separately; 3. The mixture of (t) Is healed up to about 66 °C (150 °F); 4. 
DHTDMAMS is dissolved in (3) to form a melted solution at 66 *C (150 •F); 5. 
Adequate mixing is provided to form a homogenous mixture of DHTDMAMS in 
(3); 6. The homogenous mixture of (5) is cooled down to a solid form at room 
temperature. 

The chemical softener composition of (6) can be pre-mixed (steps 1-6 
above) at the chemical supplier (e.g. Sherex company of Dublin, Ohio) and then 
economically shipped to the ultimate users of the chemical softening composition 
where it can then be diluted to the desired concentration. 

EXAMPLES 

The purpose of this example Is to Illustrate a method using blow through 
drying and layered paper making techniques to make soft, absorbent and tint 
resistance toilet multi-layered tissue paper treated with a chemical softener 
composition comprising Di(Hydrogenated)Taflow DIMethyl Ammonium Methyl 
Sulfate (DHTDMAMS) and a Potyoxyethytene Glycol 400 (PEG-400) and a 
temporary wet strength resin. 

A pilot scale Fourdrtnler paper making machine is used in the practice of the 
present invention. First, the chemical softener composition Is prepared according 
to the procedure In Example 1 wherein the homogenous premlx of DHTDMAMS 
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and polyhydroxy compounds In solid slate is re-melted at a temperature of about 
66 °C (150°F). The melted mixture is then dispersed in a conditioned water tank 
(Temperature - 66 °C) to form a sub-micron vesicle dispersion. The particle size of 
the vesicle dispersion is determined using an optical microscopic technique. The 
particle size range is from about 0.1 to 1.0 micron. 

Second, a 3% by weight aqueous slurry of NSK is made up In a 
conventional re-pulper. The NSK slurry is refined gently and a 2% solution of the 
temporary wet strength resin (l.e. National starch 78-0080 marketed by National 
Starch and Chemical corporation of New-York, NY) Is added to the NSK stock pipe 
at a rate of 0.75% by weight of the dry fibers. The adsorption of the temporary wet 
strength resin onto NSK fibers is enhanced by an In-line mixer. The NSK slurry is 
diluted to about 0.2% consistency at the fan pump. 

Third, a 3% by weight aqueous slurry of Eucalyptus fibers Is made up In a 
conventional re-pulper. A 2% solution of the temporary wet strength resin (i.e. 
National starch 78-0080 marketed by National Starch and Chemical corporation of 
New-York, NY) is. added to the Eucalyptus stock pipe before the stock pump at a 
rate of 0.1% by weight of the dry fibers; and a 1% solution of the chemical softener 
mixture is added to the Eucalyptus stock pipe before the in-fine mixer at a rate of 
0.2% by weight of the dry fibers. The Eucalyptus slurry Is diluted to about 0.2% 
consistency at the fan pump. 

The treated furnish mixture (30% of NSK / 70% of Eucalyptus) Is blended In 
the head box and deposited onto a Fourdri nier wire to form an embryonic web. 
De watering occurs through the Fourdrlnier wire and Is assisted by a deflector and 
vacuum boxes. The Fourdrtnier wire is of a 5-shed, satin weave configuration 
having 84 machine-direction and 76 cross-machine-direction monofilaments per 
inch, respectively. The embryonic wet web Is transferred from the photo-polymer 
wire, at a fiber consistency of about 15% at the point of transfer, to a photo- 
polymer fabric having 562 Linear Idaho cells per square Inch, 40 percent knuckle 
area and 9 mils of photo-polymer depth. Further de-watering Is accomplished by 
vacuum assisted drainage until the web has a fiber consistency of about 28%. 
The patterned web is pre-drled by air blow-through to a fiber consistency of about 
65% by weight The web is then adhered to the surface of a Yankee dryer with a 
sprayed creping adhesive comprising 0.25% aqueous solution of Polyvinyl Alcohol 
(PVA). The fiber consistency Is Increased to an estimated 66% before the dry 
creping the web with a doctor blade. The doctor blade has a bevel angle of about 
25 degrees and is positioned with respect to the Yankee dryer to provide an 
impact angle of about 61 degrees; the Yankee dryer is operated at about 800 fpm 
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(feet per minute) (about 244 meters per minute). The dry web is formed into roll at 
a speed of 700 fpm (21 4 meters per minutes). 

The web is converted into a one pry multi-layered tissue paper product. The 
multi-layered tissue paper has about 16 ff/3M Sq Ft basis weight, contains about 
0.2% of the chemical softener mixture and about 0.3% of the temporary wet 
strength resin. Importantly, the resulting multi-layered tissue paper is soft, 
absorbent, has good Bnt resistance and is suitable for use as facial and/or toilet 
tissues. 

EXAMPLE 4 

The purpose of this example Is to Illustrate a method using a blow through 
drying paper making technique to make soft, absorbent and int resistance toilet 
multi-layered tissue paper treated with a chemical softener composition comprising 
; Di(Hydrogenated)TaliowDIMethyl Ammonium Chloride (OHTDMAC) and a mixture 
of polyhydroxy compound (Glycerol /PEQ-400) and a dry strength additive resin. 

A pilot scale Fourdrinier paper making machine Is used in the practice of 
the present Invention. First, the chemical softener composition Is prepared 
according to the procedure In Example 2 wherein the homogenous premlx of 
OHTDMAC and polyhydroxy compounds In solid state Is re-melted at a 
temperature of about 66 C C (150 •F). The melted mixture is then dispersed In a 
conditioned water tank (Temperature - 66 °C) to form a sub-micron vesicle 
dispersion. The particle size of the vesicle dispersion is determined using an 
optical microscopic technique. The particle size range is from about 0.1 to 1.0 
micron. 

Second, a 3% by weight aqueous slurry of NSK is made up In a 
conventional re-pulper. The NSK slurry Is refined gentry and a 2% solution of the 
dry strength resin (Le. Acco • 514, Acco • 71 1 marketed by American Cyanamid 
company of Fairfield. OH) Is added to the NSK stock pipe at a rate of 0.2% by 
weight of the dry fibers. The adsorption of the dry strength resin onto NSK fibers Is 
enhanced by an in-lne mixer. The NSK slurry is diluted to about 0.2% consistency 
at the fan pump. 

Third, a 3% by weight aqueous slurry of Eucalyptus fibers Is made up in a 
conventional re-pulper. A 2% solution of the dry strength resin (I.e. Acco ®514, 
Acco • 71 1 marketed by American Cyanamid company of Fairfield, OH) Is added 
to the Eucalyptus stock pipe before the stock pump at a rate of 0.1% by weight of 
the dry fibers; and a 1% solution of the chemical softener mixture is added to the 
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Eucalyptus stock pipe before the in-line mixer at a rate of 0.2% by weight of the 
dry fibers. The Eucalyptus slurry Is diluted to about 0.2% consistency at the fan 
pump. 

The treated furnish mixture (30% of NSK / 70% of Eucalyptus) is blended In 
the head box and deposited onto a Fourdrinier wire to form an embryonic web. 
Dewatering occurs through the Fourdrinier wire and is assisted by a deflector and 
vacuum boxes. The Fourdrinier wire is of a 5-shed, satin weave configuration 
having 84 machine-direction and 76 cross-machine-direction monofilaments per 
inch, respectively. The embryonic wet web is transferred from the photo-polymer 
wire, at a fiber consistency of about 15% at the point of transfer, to a photo- 
polymer fabric having 562 Linear Idaho cells per square inch, 40 percent knuckle 
area and 9 mils of photo-polymer depth. Further de-watering Is accomplished by 
vacuum assisted drainage until the web has a fiber consistency of about 28%. 
The patterned web Is pre-dried by air blow-through to a fiber consistency of about 
65% by weight The web is then adhered to the surf ace of a Yankee dryer with a 
sprayed creplng adhesive comprising 0.25% aqueous solution of Polyvinyl Alcohol 
(PVA). The fiber consistency is increased to an estimated 96% before the dry 
creplng the web with a doctor blade. The doctor blade has a bevel angle of about 
25 degrees and is positioned with respect to the Yankee dryer to provide an 
Impact angle of about 81 degrees; the Yankee dryer Is operated el about 800 fpm 
(feet per minute) (about 244 meters per minute). The dry web is formed Into rol at 
a speed of 700 fpm ( 214 meters per minutes). 

Two plies of the web are formed Into multi-layered tissue paper products 
and laminating them together using ply bonded technique. The multi-layered 
tissue paper has about 23 #/3M Sq Ft basis weight, contains about 0.1% of the 
chemical softener mixture and about 0.2% of the dry strength resin. Importantly, 
the resulting multi-layered tissue paper is soft, absorbent, has good Snt resistance 
and Is suitable for use as facial and/or toilet tissues. 

EXAMPLES 

The purpose of this example Is to Illustrate a method using a conventional 
drying paper making technique to make soft, absorbent and int resistance toilet 
multi-layered tissue paper treated with a chemical softener composition comprising 
DI(Hydrogenated)TaIiow DiMethyl Ammonium Methyl Sulfate (DHTDMAMS) and a 
Polyoxyethylene Glycol 400 (PEG-400), a dry strength additive and a cationic 
potyacrylamlde additive resin (Percol • 1 75) as retention aid. 
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A pilot scale Fourdrinier paper making machine is used in the practice of the 
present invention. First, the chemical softener composition is prepared according 
to the procedure in Example 1 wherein the homogenous premix of DHTDMAMS 
and PEG-4Q0 In solid state Is dispersed In a conditioned water tank (Temperature 
- 66 °C) to form a sub-micron vesicle dispersion. The particle size of the vesicle 
dispersion is determined using an optical microscopic technique. The particle size 
range is from about 0.1 to 1.0 micron. 

Second, a 3% by weight aqueous slurry of NSK is made up In a 
conventional re-pulper. The NSK slurry Is refined gently and a 2% sokrtlon of the 
dry strength resin (i.e. Aooo 514, Acco 711 marketed by American Cyanamid 
company of Wayne, New Jersey) Is added to the NSK stock pipe at a rate of 0.2% 
by weight of the dry fibers. The adsorption of the dry strength resin onto NSK 
fibers is enhanced by an In-One mixer. The NSK slurry is diluted to about 0.2% 
consistency at the fan pump. 

• Third, a 3% by weight aqueous slurry of Eucalyptus fibers Is made up In a 
conventional re-pulper, A 1% solution of the chemical softener mixture is added to 
the Eucalyptus stock pipe before the stock pump at a rate of 0.2% by weight of the 
dry fibers; and a 0.05% solution of Percol • 1 75 is added to the Eucalyptus layers 
before the fan pump at a rate of 0.05% by weight of the dry fibers. The adsorption 
of the chemical softener mixture to Eucalyptus fibers can be enhanced by an In- 
line mixer. The Eucalyptus slurry is diluted to about 0.2% consistency at the fan 
pump. 

The treated furnish mixture (30% of NSK / 70% of Eucalyptus) Is blended In 
the head box and deposited onto a Fourdrinier wire to form an embryonic web. 
Dewatering occurs through the Fourdrinier wire and Is assisted by a deflector and 
vacuum boxes. The Fourdrinier wire Is of a 5-shed, satin weave configuration 
having 64 machine-direction and 76 cross-machine-direction monofilaments per 
Inch, respectively. The embryonic wet web Is transferred from the Fourdrinier 
wire, at a fiber consistency of about 15% at the point of transfer, to a conventional 
fell Further de-watering is accomplished by vacuum assisted drainage until the 
web has a fiber consistency of about 35%. The web Is then adhered to the 
surface of a Yankee dyer. The fiber consistency Is increased to an estimated 
96% before the dry creplng the web with a doctor blade. The doctor blade has a 
bevel angle of about 25 degrees and Is positioned with respect to the Yankee 
dryer to provide an Impact angle of about 81 degrees; the Yankee dryer Is 
operated at about 800 fpm (feet per minute) (about 244 meters per minute). The 
dry web Is formed Into roll at a speed of 700 fpm (214 meters per minulos). 
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Two p5es of the web are formed into multi-layered tissue paper products 
and laminating them together using ply bonded technique. The multi-layered 
tissue paper has about 23 #/3M Sq. Ft. basis weight, contains about 0.1% of the 
chemical softener mixture, about 0.1% of the dry strength resin and about 0.05% 
of the retention aid resin. Importantly, the resulting multi-layered tissue paper Is 
soft, absorbent, has good Gnt resistance and is suitable for use as a facial and/or 
toilet tissues. 

EXAMPLE 6 

The purpose of this example Is to Illustrate a method using a blow through 
drying and layered paper making techniques to make soft, absorbent and Dot 
resistance facial multi-layered tissue paper treated with a chemical softener 
composition comprising D!(Hydrogenated)Tal!ow DIMethyf Ammonium Methyl 
Sulfate (DKTDMAMS) and a Pofyoxyethyiene Glycol 400 (PEG-400), a permanent 
wet strength resin and a retention aid (Percol • 1 75 ). 

A pilot scale Fourdrinier paper making machine Is used in the practice of the 
present invention. First, the chemical softener composition Is prepared according 
to the procedure In Example 1 wherein the homogenous pre mix of DHTDMAMS 
and poly hydroxy compounds in solid state Is re-melted at a temperature of about 
66 *C (150°F). The melted mixture Is then dispersed In a oomfiOoned water tank 
(Temperature - 66 •C) to form a sub-micron vesicle cfispersion. The particle size of 
the vesicle dispersion is determined using an optical microscopic technique. The 
particle size range Is from about 0.1 to 1.0 micron. 

Second, a 3% by weight aqueous slurry of NSK is made up in a 
conventional re-pulper. The NSK slurry is refined gently and a 2% solution of the 
permanent wet strength resin p.e. Kymene® 557H marketed by Hercules 
Incorporated of Wilmington, DE) Is added to the NSK stock pipe at a rate of 1% by 
weight of the dry fibers. The adsorption of the temporary wet strength resin onto 
NSK fibers Is enhanced by an In-line mixer. The NSK slurry is diluted to about 
0.2% consistency at the fan pump. 

Third, a 3% by weight aqueous slurry of Eucalyptus fibers Is made up In a 
conventional re-pulper. . A 1% solution of the chemical softener mixture Is added 
to the Eucalyptus stock pipe before the In-line mixer at a rate of 0.2% by weight of 
the dry fibers; and a 0.5% solution of Percol • 175 is added to the Eucalyptus 
layers before the fan pump at a rale of 0.05% by weight of the dry fibers. The 
Eucalyptus shirty Is diluted to about 0.2% consistency at the fan pump. 
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The treated furnish mixture (50% of NSK / 50% of Eucalyptus) is blended in 
the head box and deposited onto a Fourdrinier wire to form an embryonic web. 
Dewatering occurs through the Fourdrinier wire and is assisted by a deflector and 
vacuum boxes. The Fourdrinier wire is of a 5-shed, satin weave configuration 
having 84 machine-direction and 76 cross-machine-direction monofilaments per 
inch, respectively. The embryonic wet web Is transferred from the photo-polymer 
wire, at a fiber consistency of about 15% at the point of transfer, to a photo- 
polymer fabric having 71 1 Linear Idaho cells per square Inch, 40 percent knuckle 
area and 9 mils of photo-polymer depth. Further de-watering Is accomplished by 
vacuum assisted drainage until the web has a fiber consistency of about 28%. 
The patterned web Is pre-dried by air blow-through to a fiber consistency of about 
65% by weight. The web Is then adhered to the surface of a Yankee dryer with a 
sprayed creping adhesive comprising 0.25% aqueous solution of Polyvinyl Alcohol 
(PVA). The fiber consistency Is increased to an estimated 96% before the dry 
creping the web with a doctor blade. The doctor blade has a bevel angle of about 
25 degrees and is positioned with respect to the Yankee dryer to provide an 
impact angle of about 81 degrees; the Yankee dryer is operated at about 800 fpm 
(feet per minute) (about 244 meters per minute). The dry web Is formed into roll at 
a speed of 700 fpm (214 meters per minutes). 

The web is converted into a two ply multi-layered facial tissue paper. The 
multi-layered tissue paper has about 21 #/3M Sq Ft basis weight, contains about 
1% of the permanent wet strength resin, about 0.2% of the chemical softener 
mixture and about 0.05% of the retention aid resin. Importantly, the resulting 
multi-layered tissue paper Is soft, absorbent, has good fint resistance and Is 
suitable for use as facial tissues. 
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What la Claimed 1b ; 

1 . A multi-layered tissue paper web characterized in that it comprises at 
least two superposed layers, a first layer and at least one second 
layer contiguous said first layer, said multi-layered web comprising: 

a) paper making fibers; 

b) from 0.01% to 3.0% of a quaternary ammonium compound 



wherein each 1*2 substituent is a C1 - C6 alky! or hydroxyalkyl 
group, or mixture thereof, preferably C1 - C3 alkyl, most 
preferably methyl; each Rj substituent is a C14 • C22 
hydrocarbyt group, or mixture thereof, preferably CI 6 - C18 
alkyl; and X" is a suitable anion, preferably chloride or methyl 
sulfate; 

c) from 0.1 % to 3.0% of a water soluble poiyhydroxy compound; 
wherein said poiyhydroxy compound is preferably selected from 
glycerol, sorbitols, pofyglycerols having a weight average 
molecular weight of from 150 to 800, polyoxyethylene glycols 
and polyoxypropylene glycols having a weight average 
molecular weight from 200 to 4000. preferably from 200 to 
1000, most preferably from 200 to 600, and mixtures thereof; 
and 



having the formula 




N + 



X 
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d) from 0.01% to 3.0% of a binder material wherein said binder 
material Is preferably selected from permanent wet strength 
resins, preferably polyamide-epichlorohydrin, or polyacrylamlde 
permanent wet strength resins, and mixtures thereof, 
temporary wet strength resins, preferably a starch-based 
temporary wet strength resin, dry strength resins, retention aid 
resins and mixtures thereof. 

2. The multi-layered tissue paper web of Claim 1 wherein said multi- 
layered web comprises three superposed layers, an inner layer and 
two outer layers, said inner layer being located between two said 
outer layers, said multi-layered web preferably comprising a single 
ply, wherein said quaternary ammonium compound, said water 
soluble polyhdroxy compound, and said binder material are each 
contained In one or more of said layers of said multi-layered web. 

3. The multi-layered tissue paper web of Claim 2 wherein the majority of 
the quaternary ammonium compound and the potyhydroxy compound 
is contained in at least one of said outer layers, preferably in both of 
said outer layers. 

4. The multi-layered tissue paper web of Claim 2 or 3 wherein the 
majority of the binder is contained in said inner layer. 

5. The multi-layered tissue paper web of any or Claims 2 - 4 wherein 
said Inner layer comprises relatively long paper making fibers, 
preferably softwood fibers, most preferably northern softwood fibers, 
said long paper making fibers having an average length of at least 2.0 
mm and wherein each of two said outer layers comprises relatively 
short paper making fibers, preferably hardwood fibers, most 
preferably eucalyptus fibers, said short paper making fibers having an 
average length between 0.2 and 1.5 mm. 

6. The multi-layered tissue paper web of Claim 5 wherein said Inner 
layer comprises mixtures of softwood fibers and low cost fibers, and 
at least one of said outer layers comprises low cost fibers or mixtures 
of hardwood fibers and low cost fibers, wherein said low cost fibers 
are selected from sulfite fibers, thermomechanical pulp fibers, chemi- 
thermomechanical pulp fibers, recycled fibers, and mixtures thereof. 
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7. The multi-layered tissue paper web of any of Claims 1 - 6 wherein the 
quaternary ammonium compound is di(hydrogenated)tal!ow dimethyl 
ammonium chloride or di(hydrogenated)ta!low dimethyl ammonium 
methyl sulfate. 

8. The multi-layered tissue paper web of any of Claims 1 • 7 wherein the 
weight ratio of the quaternary ammonium to the polyhydroxy 
compound ranges from 1.0 ; 0.3 to 0.3 : 1.0, preferably from 1.0 : 
0.7 to 0.7 : 1.0. 

9. A multi-ply tissue paper product comprising at least two juxtaposed 
multi-layered tissue paper webs of Claim 1, wherein said multiply 
tissue paper product preferably comprises two plies, wherein each of 
two said plies preferably comprises two superposed layers, and 
wherein said quaternary ammonium compound Is 
di(hydrogenated)tal!ow dimethyl chloride or methylsulfate, said 

. polyhydroxy compound Is polyoxyethylene glycol having a weight 
average molecular weight of from 200 to 600, and said binder 
materials are permanent wet strength resins and temporary wet 
resins, wherein the majority of said quaternary ammonium compound 
and said polyhdroxy compound are contained in at least one of said 
outer layers and wherein the majority of said binder material is 
contained In said inner layer. 

10. The multi-layered tissue paper web of any of Claims 1 - 9 wherein 
said tissue paper web is a toilet tissue or a facial tissue. 
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